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Abstract: The US Navy’s Crew Resource Management (CRM) training 
programme has not been evaluated within the last decade. Reactions were 
evaluated by analysing 51,570 responses to an item pertaining to CRM that is 
part of a safety climate survey. A total of 172 responses were obtained on a 
knowledge test. The attitudes of 553 naval aviators were assessed using an 
attitudes questionnaire. The CRM mishap rate from 1997 until 2007 was 
evaluated. It was found that naval aviators appear to think than CRM training is 
useful, are generally knowledgeable of, and display positive attitudes towards, 
the concepts addressed in the training. However, there is a lack of evidence to 
support the view that CRM training is having an effect on the mishap rate. As 
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The US Navy and Marine Corps instituted Crew Resource Management (CRM) in the 
late 1980s. The goal of the US Navy’s aviation CRM training is to “improve mission 
effectiveness by minimizing crew preventable errors, maximizing crew coordination, and 
optimizing risk management” [Chief of Naval Operations, (2001), p.1]. The Navy’s CRM 
training is based upon seven critical skills (decision making, adaptability/flexibility, 
situational awareness, mission analysis, communication, assertiveness, and leadership; 
(Prince and Salas, 1993). Every naval aviator must receive ground training and a CRM 
evaluation during an actual or simulated flight, by a CRM instructor, or facilitator, once a 
year (for a detailed discussion see O’Connor et al., 2010b). 
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The Navy’s CRM programme is governed by a Chief of Naval Operations (CNO) 
Instruction – OPNAVINSTR 1542.7C. The CNO instruction outlines a rudimentary 
foundation of CRM programme academics and the behaviours the programme aims to 
achieve. This instruction also sets out how the CRM programme must be implemented by 
each aviation squadron. The US Navy’s CRM programme is centrally controlled, but 
each aviation community is given the latitude to administer its own CRM programme 
tailored for its particular aircraft and mission. In a sense, the Navy and Marine Corps 
have 48 separate, but closely related, CRM programmes (one for each type model aircraft 
the Navy and Marine Corps flies). Each programme is inspected to ensure that it is in 
compliance with the CNO instruction, and that the academic literature is consistent with 
the US Navy’s CRM curriculum. Although there have been minor updates, the basic 
CRM instruction in naval aviation has not changed greatly in the last decade. The last 
systematic update of the training curriculum was in 1999 (Oser et al., 2001). 
The Federal Aviation Administration (FAA) states that for CRM training “it is vital 
that each training programme be assessed to determine if CRM training is achieving its 
goals. Each organisation should have a systematic assessment process. Assessment 
should track the effects of the training programme so that critical topics for recurrent 
training may be identified and continuous improvements may be made in all other 
respects” [FAA, (2004), p.12]. Similarly, Nullmeyer et al. (2003) assert that CRM 
trainers struggle to maintain the resources necessary to support CRM training. They 
suggest that in the absence of measurable CRM training objectives, it is difficult to 
differentiate between effective and ineffective programmes. 
There have been a number of comprehensive reviews (O’Connor et al., 2002; Salas  
et al., 2001, 2006), and a meta-analysis (O’Connor et al., 2008) of the effectiveness of 
CRM across a range of high-risk industries. There has also been a review of 27 studies 
that specifically examined the effectiveness of military CRM training (O’Connor et al., 
2010a). These reviews all used Kirkpatrick’s (1976) training evaluation hierarchy to 
categorise the different methods of effectiveness used. 
The lowest level of Kirkpatrick’s (1976) hierarchy is an evaluation of reactions. 
Reactions are the equivalent to measuring satisfaction. For example, did the participants 
like the training? Learning is the second level in the hierarchy, and refers to “the 
principles, facts, and skills which were understood and absorbed by the participants” 
[Kirkpatrick, (1976), p.11]. Learning is made up of two components: attitudinal change 
and knowledge gains. Evaluation of behavioural changes is the assessment of whether 
knowledge learned in training actually transfers to behaviours on the job, or a similar 
simulated environment. The organisational level is the highest in Kirkpatrick’s (1976) 
hierarchy. The aim of any training programme is to produce evidence of an organisational 
level effect such as an improvement in safety and/or productivity. 
These reviews concluded that the reactions to CRM training were positive, and the 
training was found to have a positive effect on the attitudes, knowledge, and behaviours 
of participants. Although the review of military CRM training surmised that it had a 
positive effect on mishap rate, the other cross-industry reviews stated that there was a 
lack of evidence regarding the effect of CRM training on the organisation. 
There have been eight published studies that have specifically examined the 
effectiveness of the US Navy’s CRM programme (see O’Connor et al., 2010b for a 
summary of these studies). In agreement with the other reviews it was found that US 
Navy CRM participants liked the training, were more knowledgeable as a result of the 
training, there was generally a positive shift in attitudes toward the CRM concepts, and 
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the training resulted in improved team coordination. However, the effect of CRM training 
on the mishap rate in naval aviation was inconclusive. Although Alkov and Gaynor 
(1991) reported a reduction in the aircrew error mishap rate, Wiegmann and Shappell 
(1999) concluded that CRM training had not affected the mishap rate. 
The results of these evaluations of the US Navy’s CRM training are encouraging. 
However, we cannot draw conclusions about the effectiveness of the US Navy’s current 
CRM programme based upon the findings of these studies because: 
• The studies lack currency. They were carried out more than a decade ago [except one 
study by O’Connor and Jones (2009), which included a subset of the data analysed in 
this paper], so the findings may not reflect on the current US Navy CRM 
programme. 
• The sample sizes of the studies were small. Not including the O’Connor and Jones 
(2009) study, the mean number of participants was 48.9 (sd = 23.8). 
• The participants in the studies were not representative of all types of naval aviator. 
The participants were all helicopter aviators (e.g., Salas et al., 1999) except for the 
studies described by Alkov and Gaynor (1991; aviation instructors) and Stout et al. 
(1996; student naval aviators). The effectiveness of CRM training for aviators who 
fly other types of aircraft (e.g., fighters or transport) was not examined. 
• The CRM training that was evaluated was not consistent across the studies. To 
illustrate, Stout et al. (1996) evaluated five hours of training on an introduction to 
CRM, communication, and assertiveness. In the first study reported by Salas et al. 
(1999), the programme that was evaluated consisted of the following modules: 
introduction to CRM, communication, assertiveness, mission analysis, and situation 
awareness, and in the second study, the training consisted of all of the skills 
identified by Prince and Salas (1993). Further, Salas et al. (1999) did not report the 
length of the training. 
• The studies examined the effectiveness of the training immediately after it had been 
received. No analysis was carried out of the long term effectiveness of the training. 
The lack of this information is an issue as there is evidence in the literature to 
suggest that the benefits of CRM training decay over time. For example, in an 
evaluation of civilian pilots, Irwin (1991) found decay in positive attitudes toward 
CRM over time. Helmreich, et al. (1999) also reported a slippage in attitudes to 
CRM concepts, even with recurrent training. 
• The studies were evaluations of a training course delivered early in development, and 
not typical of the manner in which CRM training is now conducted in the US Navy. 
• The type of aircraft used by US Naval aviators is not the same now as it was in the 
early and mid-1990s. A number of new advanced aircraft have been introduced  
(e.g., V-22 Osprey), and older aircraft retired (e.g., F-14 Tomcat). 
As a result of the limitations delineated above, the authors recognised a need to identify 
whether the Navy’s current CRM programme is meeting it is goal of improving mission 
effectiveness. This paper reports a multi-faceted evaluation of the effectiveness of a 
mature CRM training programme. Similar to the reviews of CRM effectiveness, the 
evaluation methodologies are guided by Kirkpatrick’s (1976) training evaluation 
hierarchy. This paper reports an evaluation of the reactions of course participants, 
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learning (attitudes and knowledge), and organisational level effects (as assessed by 
examining the mishap rate). Each of the evaluations will be described as an independent 
study. The paper finishes with general conclusions. 
A limitation of all four studies reported in this paper is the lack of a control group 
who did not receive the training. Every naval aviator is mandated to receive CRM 
training, and is exposed to CRM as soon as they start flight school. From a scientific 
perspective, it would have been desirable to withhold CRM training from a number of 
squadrons and use them as a control group. However, even in the very unlikely event of 
senior Navy leadership agreeing to this proposal, given the findings supporting the 
effectiveness of CRM training reported in the literature, it would not be ethical. 
Therefore, this lack of control groups represents a limitation in the conclusions that can 
be drawn from these studies. 
2 Study 1: reactions to CRM training 
2.1 Reactions: introduction 
Helmreich and Wilhelm (1991) claimed that it is axiomatic that training will have a 
greater impact if participants perceive it to be useful. In the three previous studies of 
reactions to the Navy’s CRM programme, the participants were generally positive, giving 
a mean usefulness rating of 4.4 on a five point scale (e.g., Salas et al., 1999). 
There is not a requirement for aviation squadrons to assess reactions to CRM training. 
However, one item from the 61-item naval aviation Command Safety Assessment Survey 
[CSAS; see O’Connor, et al. (2011) for more information on the CSAS] pertains to the 
effectiveness of a squadron’s CRM programme. The question reads as follows: “My 
command’s CRM program is helping to improve mission performance and safety”. 
Responses are obtained using a five-point Likert scale (1 = ‘disagree strongly’ to  
5 = ‘agree strongly’).The CSAS is an online survey completed periodically by all 
members of a naval squadron (approximately every two years). 
The responses to the CRM item from the CSAS were examined to assess whether 
reactions have changed over time, and if there were differences on the basis of aircraft 
flown or military rank. The reason for examining these two variables is that they may 
exert an effect on the acceptance of the concepts addressed in CRM training. 
For the purpose of all of the studies reported in this paper, naval aviation will be 
divided into three broad aviation communities based upon aircraft flown: TACAIR 
(Tactical Aviation, includes multi-role fighter aircraft such as the F/A-18 Hornet, E/A-6 
Prowler), rotary (helicopters such as the SH-60 Seahawk), and big wing (large transport 
and surveillance aircraft such as the C-130 Hercules, and P-3 Orion). The rationale for 
the three categories is that each of these aircraft types have different crew configurations 
(TACAIR aircraft such as the F/A-18 Hornet are single seat aircraft, whereas the P-3 
Orion has a crew of 11 personnel), and different missions (e.g., search and rescue versus 
transportation). There is also some research to suggest that, at least in the US Air Force, 
CRM was more readily embraced by aviators flying crew aircraft than by fighter and 
attack aircraft pilots (Karp et al., 1999). Anecdotal evidence suggests that this effect of 
aircraft type may also be the case within the US Navy. Oser et al. (2001) stated that the 
funding was not made available to fully implement the CRM programme across naval 
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aviation, and there was considerable variation in the execution of the training across 
naval aviation communities. 
Aviation officers were divided into two groups based upon rank: junior officers 
(officer grades O2 to O3, with a minimum of one tour as an aviator, who do the bulk of 
the flying in the squadron), and senior officers (O4 to O6, with multiple tours as an 
aviator, who perform the leadership roles in a squadron). The rationale for splitting junior 
and senior officers was that issues of rank of personnel may play a greater role in military 
flight crews than in civilian aviation, and this may be at odds with the assertiveness 
taught in CRM training (Guzzo and Dickson, 1996). This finding was supported in a 
survey of the attitudes of 272 US Navy divers to CRM concepts. It was found that junior 
divers were significantly more sensitive to the effect of personal limitations on 
performance, and showed a significantly greater willingness to want to speak up than 
senior divers (O’Connor, 2007). 
The data used in this study was the entire population of survey responses. However, 
the analysis will proceed as if the responses constitute a random sample from a 
(hypothetical) population of responses that could have been seen if, for example, surveys 
had been taken at different times or under different conditions. Statements of statistical 
significance therefore refer to the parameters of this hypothetical population. 
2.2 Reactions: method 
2.2.1 Procedure 
The responses to the CRM item from the CSAS from 2000 until 2008 were obtained 
electronically from the company that administers the survey for the US Navy. It is 
mandatory for all squadrons to complete the CSAS semi-annually and within 30 days 
following a change of command (O’Connor et al., 2011). 
2.2.2 Sample 
A sample of 51,570 responses was obtained from naval aviators. A total of 67.7% were 
from junior officers, and 32.3% from senior officers (see Table 1). Overall, 37.4% of 
responses were from TACAIR, 36.3% rotary wing, and 26.3% from big wing aviation 
communities. 
Table 1 Percentage of respondents separated by rank and aviation community 
Aviation community 
Rank 
Rotary TACAIR Big wing 
Junior officer 26.5 25.5 15.7 
Senior officer 9.8 11.9 10.7 
2.2.3 Analysis 
A multinomial logistic regression model (Venables and Ripley, 2003) was fit to the 
response data. This model extends the ordinary binary logistic regression model to the 
case where the response has more than two categories. In this case, the response was the 
item (1 through 5) selected by the respondent. The predictors were year (considered as a 
categorical variable), rank and aviation community. The model then estimates the  
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log-odds relative to the baseline (response 1) of the event that one of the other responses 
(two through five) is selected, with a separate estimation for each of those other 
responses. The model produces a set of predictions for each possible combination of 
predictor variables. Each of those predictions is an estimate of the probability of seeing a 
particular response when given that set of predictor variables. Since there are five 
possible responses, then, the model produces five predicted probabilities for each 
respondent, and those five probabilities add up to one. 
Since this model is complicated and requires a large number of parameters, a second 
model used ordinary binomial logistic regression. In this model, the response was 
‘positive’ when a respondent chose either ‘4’ (agree) or ‘5’ (strongly agree), and 
‘negative’ for responses of ‘1’ (strongly disagree), ‘2’ (disagree), and ‘3’ (neither agree 
nor disagree). 
2.3 Reactions: results 
Across all ranks and aviation communities the average response rating was found to be 
positive (mean = 4.1, sd = 0.7). About 83% of all responses were ‘4’ or ‘5.’ (A similar 
pattern held for other questions; across all responses to all questions, 85.3% were ‘4’ or 
‘5’.) The rate at which responses to the CRM item were ‘4’ or ‘5,’ separated by aviation 
community and rank, are shown in Figure 1. 
Figure 1 The percentage of respondents ‘agreeing’ or ‘strongly agreeing’ that CRM is helping to 
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The Akaike Information Criterion (AIC; Venables and Ripley, 2003) was used as an aid 
in model selection. In both multinomial and binomial models, the model with the lowest 
(that is, best) AIC included all three two-way interactions but excluded the three-way 
interaction. Therefore, there is some evidence that the distribution of responses across the 
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five categories is associated with rank and aviation community, and has changed across 
time in a way that is not the same as rank from the other aviation communities. 
2.4 Reactions: discussion 
Overall it can be seen that naval aviators were positive about the usefulness of CRM 
training. However, it is important to indicate that this finding is based upon a response to 
a single item over which the researchers had no control. This is certainly a large 
limitation. Nevertheless, given the large number of responses, collected over eight years, 
the data provides an estimate of what naval aviators think about CRM training. 
The positive reaction to CRM training of the non-TACAIR aviators across the years 
examined is consistent with the evaluations of reactions carried out by Salas and 
colleagues in the late 1990s. It is also worth noting that there has not been a decay in 
reactions over time. In one of the few longitudinal studies of CRM effectiveness, Irwin 
(1991) found decay in positive attitudes of airline pilots over time. 
The most interesting finding is that over the period of study, TACAIR aviators 
(particularly senior officers) have become more positive about CRM, and since 2003, had 
reactions more comparable with the other naval aviation communities. The lower 
reported levels of satisfaction with CRM training of TACAIR aviators during the early 
2000s, as compared to aviators from other communities, is consistent with findings in the 
US Air Force over a similar time period (Karp et al., 1999). The improvement in the 
reactions of TACAIR aviators is reflective of the work carried out during 2000 to tailor 
CRM training for the TACAIR aviation community, and demonstrates the benefit of 
allowing each aviation community to customise CRM training for their unique 
operational needs. Therefore, it can be concluded that the current naval CRM programme 
is very well received across all naval aviation communities. 
3 Study two: assessment of knowledge of CRM concepts 
3.1 Knowledge: introduction 
According to Kirkpatrick (1996), in order to successfully gauge the amount of knowledge 
acquired, one must devise a method to measure the principles, facts and techniques 
learned from the programme. Learning measures should be objective and quantifiable in 
nature, addressing aspects of declarative and procedural information retained as a result 
of the training. Declarative knowledge refers to the factual information that can be 
encoded and recalled from one’s memory. Procedural knowledge addresses applying a 
specific learned behaviour to a situation or task (Holt et al., 2001). 
The most commonly used technique to assess the knowledge acquired from CRM 
training is a multiple-choice test (O’Connor et al., 2002). Three studies have examined 
the CRM knowledge gained by US Naval aviators as a result of attending the training 
(e.g., Salas et al., 1999). Three of the four studies reported a significant increase in the 
knowledge of participants after training, as compared to before. 
The current study will use a multiple-choice test to examine the knowledge of naval 
aviators towards the concepts addressed by CRM training, and assess whether there are 
differences between the knowledge of aviators from different communities, or between 
junior and senior aviators. 
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3.2 Knowledge: method 
3.2.1 Test development 
A ten item multiple-choice test was developed to assess knowledge of the concepts taught 
in Naval aviation CRM. Questions for the test were derived from the material taught at 
the Naval CRM instructor course. The items addressed each of the seven skills that 
should be addressed in the Navy’s CRM training programme. The questionnaire was 
administered as a pilot test on ten naval aviators. 
3.2.2 Procedure 
The test was distributed to US Navy and Marine Corps aviation officers attending 
aviation safety training at the Naval Aviation Safety School Command (NASC) in 
Pensacola, Florida, and studying for a Masters’ degree at the Naval Postgraduate School 
(NPS) in Monterey, California during 2008 and 2009. The response rate was 73%. 
3.2.3 Participants 
A total of 172 responses were obtained from naval aviators (62% from NASC; and 32% 
from NPS). 
3.3 Knowledge: results 
Item-total point biserial correlations were carried out for each of the 10 items in the 
knowledge test. As a result of this analysis, two items were discarded due to low 
correlations (less than 0.15). Table 2 summarises the overall percentage of correct 
responses separated by rank and aviation community for the remaining eight items. 
Table 2 Mean percentage of items correct separated by rank and aviation community 
Rank Aviation community Mean % correct St. dev. # of responses 
TACAIR 74 16 28 
Rotary 74 19 26 
Big wing 75 14 12 
Junior 
Total 74 17 66 
TACAIR 74 18 41 
Rotary 76 21 29 
Big wing 68 14 28 
Senior 
Total 73 18 98 
TACAIR 74 18 69 
Rotary 75 20 55 
Big wing 70 14 40 
Total 
Total 73 18 164 
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A two way between subjects analysis of variance (ANOVA) was carried out to assess 
whether there were significant differences between rank (junior versus senior officers), or 
aviation community (TACAIR, rotary, or big wing). It was found that there were not 
significant main effects of rank (F(1, 164)= 0.32, n.s.), aviation community (F(2, 164)= 0.43, 
n.s.), or a significant interaction (F(2, 164)= 0.71, n.s.). The two items for which the 
respondents were most commonly incorrect were: an item concerned with situation 
awareness (48% incorrect), and an item associated with decision making (48% incorrect). 
3.4 Knowledge: discussion 
No differences were found between naval aviator’s knowledge of CRM concepts on the 
basis of rank or type of aviation community. Despite the fact that declarative knowledge 
of CRM concepts is not routinely tested at naval squadrons, respondents performed 
reasonably well on the multiple-choice test, with an overall average of 73% correct. This 
average may not be considered reasonable within the context of higher education tests. 
However, the performance on the test by naval aviators represents the baseline CRM 
knowledge of participants who had not prepared to be evaluated, and had not just 
completed CRM training. 
The low percentage of correct responses to the situation awareness and decision 
making items may be worthy of more detailed investigation. Given the disproportionate 
number of aviation mishaps that can be attributed to situation awareness and decision 
making errors, it is important that naval aviators have a thorough understanding of these 
concepts. It is recognised that, although typical of how knowledge of CRM concepts have 
been measured in the past, a multiple-choice test is a fairly coarse method for assessing 
the baseline CRM knowledge of aviators. Therefore, a more detailed analysis of 
knowledge of situation awareness and decision making concepts would be desirable. 
4 Study 3: assessment of attitudes to CRM 
4.1 Attitudes: introduction 
The most commonly used method for assessing aviator attitudes towards the concepts 
taught in CRM training is the cockpit management attitudes questionnaire (CMAQ). The 
CMAQ has formed the basis of a CRM attitude questionnaire in a number of industries 
(Flin et al., 2008). Five previous studies of naval aviators examined the effect of CRM 
training on the attitudes of course participants as compared to a control group. These 
studies used adaptations of the CMAQ to assess attitude change. Although significant 
changes in attitudes were not found, the studies generally reported a positive shift in the 
attitudes of CRM participants, (e.g., Salas et al., 1999). None of the studies reported an 
evaluation of the psychometric properties of the instrument that was used. In fact, this is 
true of the vast majority of the papers that have reported an evaluation of attitudes to 
CRM. 
As with the evaluation of the knowledge of naval aviators reported earlier, 
comparisons were made based upon aviation community (TACAIR, rotary, or big wing), 
and rank (junior versus senior officers). An evaluation of the psychometric properties of 
the instrument was also carried out. 
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4.2 Attitudes: method 
4.2.1 Instrument development 
The civilian aviation centric CMAQ questionnaire was adapted for naval aviation. It was 
necessary to change some of the language to ensure that it would make sense to naval 
aviators. A draft questionnaire was distributed to a group of 20 experienced naval 
aviators for comment. The comments from these aviators were used to develop the Naval 
Aviator Human Factors (NAHF) questionnaire. The NAHF consisted of 31 questions 
pertaining to five categories: 
• My stress: six items. This scale emphasises the consideration of- and possible 
compensation for- stressors in oneself. 
• Stress of others: six items. This scale emphasises the consideration of- and possible 
compensation for- stressors in other team members. 
• Communication: six items. This scale encompasses communication of intent and 
plans, delegation of tasks and assignment of responsibilities, and the monitoring of 
crew members. 
• Command responsibility: nine items. Includes the notion of appropriate leadership 
and its implications for the delegation of tasks and responsibilities. 
• Rules and order: four items. This subscale is concerned with adherence to rules and 
procedures. 
The participants were asked to respond using a five-point Likert scale ranging from 
‘strongly disagree’ to ‘strongly agree’. Although there were not explicit decision making 
or situation awareness categories, aspects of both of these CRM skills are addressed by a 
number of items (e.g., ‘my decision making is as good in emergencies as it is in normal 
situations’, and ‘junior aviators should not question the aircraft commander in 
emergencies’). 
4.2.2 Psychometric analysis 
Firstly, the skewness, kurtosis, and correlation between the items pertaining to each 
factor were evaluated. Items with unacceptably high skewness or kurtosis were discarded 
from further analysis. 
Following the initial screening, a confirmatory factor analysis (CFA) technique as 
implemented by EQS for Windows was used to assess whether the a-priori model of the 
relationship between the items and factors was valid. CFA seeks to determine whether the 
number of factors, and the loadings of measured variables on them, conforms to what is 
expected on the basis of pre-established theory. A linear structural relations approach to 
CFA, as implemented in EQS for Windows, was used. Tomas and Oliver (1999) 
recommend assessing model fit using the χ2 statistic in association with, the comparative 
fit index (CFI), the goodness-of-fit index (GFI), and the root mean square error of 
approximation (RMSEA). 
The CFI is an incremental fit index that produces a statistic in the range of 0 to 1. The 
GFI is an absolute fit index. This means it directly assesses how well a model reproduces 
the sample data. A value of .9 is considered to be the minimum for model acceptance for 
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both the CFI and GFI (Byrne, 2006). The RMSEA is computed based on sample size, the 
non-centrality parameter, and degrees of freedom for the target model (Browne and 
Cudeck, 1993). Models that are good descriptors of the data should produce RMSEA 
values of less than .05. 
A comparison of the effects of rank, and aviation community on the factors was 
carried out use a multivariate analysis of variance (MANOVA). 
4.2.3 Procedure 
As with the knowledge assessment, the NAHF questionnaire was distributed to naval 
aviators attending training at two commands (NASC and NPS) during 2008 and 2009. 
4.2.4 Participants 
Responses were obtained from 526 US naval aviators. A total of 72.7% were obtained 
from NASC students, and 27.3% from NPS. Separating by aviation community, 38% of 
participants were from TACAIR, 36% rotary wing, and 27% big wing communities. 
Examining the distribution of respondents by rank, 38% were junior officers, and 62% 
senior officers. The response rate was 78%. 
4.3 Attitudes: results 
4.3.1 Psychometrics 
The skewness and kurtosis of each item were assessed. Two items were dropped from 
further analysis from the ‘my stress’ factor, and three items from the ‘command 
responsibility’ factor due to excessive levels of skewness or kurtosis. The Cronbach’s 
alpha values of the proposed factors were also evaluated. Nunnally (1978) indicated  
0.7 to be an acceptable reliability coefficient, but lower thresholds are sometimes quoted 
in the literature. It was found that the Cronbach’s alpha for the ‘rules and order’ factor  
(four items) was unacceptably low (α = 0), and could not be improved through discarding 
items. So, it was decided to drop this factor entirely from further analysis. 
The 22 remaining items were entered into a CFA to test a measurement model 
comprising four factors (‘my stress’, six items; ‘stress of others’, four items; 
‘communication’, six items; and ‘command responsibility’, six items). The fit was not 
found to be acceptable (χ2 = 1431, df = 231, p > 0.05; CFI = 0.75; GFI = 0.92; and 
RMSEA = 0.052). To achieve an acceptable fit, one item was dropped from the ‘my 
stress’ factor (I am less effective when stressed or fatigued), one item from the 
‘communications’ and one item from the ‘command responsibility’ factor (in abnormal 
situations, I rely on my superiors to tell me what to do). The removal of these items was 
recommended by the Wald test, and resulted in an improved model fit. It was also 
necessary to load item 10 onto both factors 1 and 2 and allow covariance between factors 
two and three, and two and four, and one set of error terms (see Figure 2). The final  
four-factor, 20-item model with the standardised solutions is shown in Figure 3 and found 
to be an adequate fit for the data (χ2 = 1321, df = 190, p > 0.05; CFI = 0.91; GFI = 0.95; 
and RMSEA = 0.035). 
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Figure 2 Standardised solution for the four-factor model 
 
4.3.2 Between group comparison 
As a result of the correlation between factors two and three, and two and four, a 
MANOVA was used to make comparisons between the two independent variables (rank 
and aviation community) for each factor. Consideration was given to using one of the 
refined methods for calculating the factor scores provided in EQS. However, it was 
decided to simply take the average of the item scores for each factor. The reason for 
choosing this method for calculating the factor scores was this was what was done in the 
previous studies of the CRM attitudes of naval aviators, non-refined factor scores are 
thought to be more stable across samples than refined methods (Grice and Harris, 1998), 
and this method is desirable when reliability or validity has not been established (Hair,  
et al., 2006). The MANOVA did not result in any significant differences on any of the 
factors for aviation community or rank. 
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4.4 Attitudes: discussion 
4.4.1 Discussion: psychometric properties 
Due to excessive skewness or kurtosis, and poor factor reliability, a total of nine items 
were discarded from the NAHF questionnaire. Two more items were discarded as part of 
the CFA process. The practice of discarding items is common in questionnaire 
development (DeVellis, 1991). As part of the post-hoc analyses changes were made to 
the original model. Byrne (2006) states that if the model is respecified in this manner, it is 
important to realise that the analysis is now framed in an exploratory rather than 
confirmatory mode. Consideration was also given to additional post-hoc changes to the 
model to improve the fit. However, given the lack of a specific model misfit, and to avoid 
overfitting the model, no further changes were made. 
One issue that should be addressed is the relatively low Cronbach’s Alphas for the 
factors. However, the values found are typical of this type of questionnaire. For example, 
in the CMAQ, Cronbach’s Alphas between 0.47 and 0.67 were reported (Gregorich  
et al., 1990). Nevertheless, it is suggested that there is a need to further restrict the focus 
of the items in each factor with the aim of improving the reliability of the factors. 
4.4.2 Discussion: groups comparison 
For both the ‘communication’ and ‘command responsibility’ factors, naval aviators 
across communities and ranks displayed attitudes that were very favourable to these 
concepts. These findings are consistent with the reaction data reported in Figure 1 during 
the 2007 to 2008 time frame. Naval aviators recognise the importance of direct and 
explicit communication to mission effectiveness, and the need for assertiveness, even 
with more senior personnel. The strong covariance between the ‘communication’ and 
‘stress of others’ factors in the CFA model may reflect that aviators can only find out 
about the stress of others through communication. This finding is very encouraging 
because studies of communication in aviation research have highlighted the need for 
assertive behaviour in more junior team members (e.g., Jentsch and Smith-Jentsch, 2001). 
The factor scores for the two factors related to ‘my stress’ were not as reflective of 
the teachings of CRM training as the scores on the other three factors. Naval aviators 
appear to have attitudes that suggested that they are just as effective in an emergency as 
in normal operations, even though they recognise this is not the case in others. This 
finding is not surprising when viewed in the context of the small literature on stress 
coping in military aviation. After reviewing ten papers on stress in military aviation, 
Campbell and O’Connor (2010) concluded that military aviators appear to use an 
avoidance stress coping style. When faced with a stressful situation, military aviators will 
tend to use strategies such as denial, distraction, repression, and suppression to deal with 
stress. These are not coping strategies that are trained, rather they represent the coping 
mechanisms that are reported in the literature as being utilised by military aviators. 
Therefore, despite responses generally reflective of a positive attitude to CRM training, it 
is suggested that training should place more emphasis on the effects of stress on 
performance. 
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5 Study 4: an assessment of the impact of CRM on mishap rates 
5.1 Organisation: introduction 
The ultimate aim of any CRM training programme is to produce tangible evidence of an 
effect on the organisation such as a decreased mishap rate. There have been a number of 
studies that have examined the effect of CRM on the mishap rate in naval aviation, with 
mixed findings. To illustrate, Wiegmann and Shappell (1999) analysed the causes of 
naval aviation mishaps from 1990 to 1996 in the rotary and TACAIR communities. It 
was found that 56% of the mishaps involved at least one CRM failure, with a higher 
percentage of CRM related mishaps in the rotary wing community as compared to 
TACAIR (80.4% and 46.5% respectively). Wiegmann and Shappell (1999) compared 
their findings to an earlier evaluation of naval aviation mishaps. Yacavone (1993) found 
that 45% of major aviation mishaps from 1986 to 1990 were attributed to a failure in 
CRM. Wiegmann and Shappell (1999) attributed the lack of change in the aircrew error 
rate to the failure of naval aviation to specifically tailor the CRM programme to needs of 
the different aviation communities. 
The aim of the current study was to analyse a more recent sample of naval aviation 
mishaps. Big wing mishaps were not included in the analysis as these are very rare in 
naval aviation, so do not serve as a useful metric of performance. 
5.2 Organisation: method 
5.2.1 Procedure 
Data were obtained from the Naval Safety centre on all class ‘A’ mishaps for rotary and 
TACAIR mishaps from fiscal year 1997 until 2007 (fiscal years begin in October of each 
year). During this time period a class ‘A’ aviation mishap was defined as a mishap in 
which the total cost of damage is greater than a million dollars, and/or the aircraft is 
destroyed, and/or fatal and/or permanent total disability (a non-fatal injury that 
permanently incapacitates a person so that he or she cannot follow any gainful 
occupation; Chief of Naval Operations, 2001). In many aviation mishaps the aircraft is 
destroyed. Data were obtained on both the overall mishap rate, and the rate for mishaps in 
which there was at least one causal factor attributed to a failure of CRM. 
5.2.2 Sample 
Data were obtained on a 238 class ‘A’ mishaps (58.8% TACAIR and 41.2% rotary wing 
mishaps). 
5.2.3 Analysis 
The Poisson distribution is frequently used to model accident data (Nicholson and  
Wong, 1993). The analysis in this section, then, starts by assuming that mishaps appear in 
each year as if they were generated by a Poisson process. If this assumption is correct, 
and if the underlying mishap rate (and numbers of flights and flight hours) were constant 
from year to year, the observed yearly numbers of mishaps would be similar in 
magnitude, with some variability attributable to the behaviour of the Poisson process. 
Conversely, observing yearly numbers of mishaps that were very much more spread out 
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than would be expected under the Poisson would constitute evidence of year-to-year 
variability in the mishap rate. 
The year-to-year spread of the numbers of mishaps is measured using the standard 
deviation. The null hypothesis is that the underlying Poisson process has a constant rate 
from year to year, so that the expected value of the standard deviation is small. The 
distribution of the standard deviation of the mishap numbers when the null hypothesis is 
true is made more complicated by the fact that the number of flight hours is not constant 
from year to year, but it can be easily simulated. The overall mishap rate (that is, total 
events divided by total flight hours) was computed for each data set (this analysis was 
performed separately twice, one using all mishaps and once using only CRM-related 
ones). Under the null hypothesis of homogeneity, it is reasonable to combine all the 
years’ data into a single overall rate. That rate was then used together with the observed 
number of flight hours per year, to compute the number of mishaps per year that would 
be expected under the null hypothesis. 
Then Poisson random numbers, one per year, each with the expected value computed 
above, were generated, and the standard deviation of those random numbers was 
computed. This process was repeated 10,000 times and the resulting 10,000 standard 
deviations provided the null distribution against which the observed standard deviation 
could be compared. The hypothesis of homogeneity is rejected if the observed standard 
deviation is larger than all but 5% of the simulated standard deviations. 
Figure 3 Overall, and CRM related, mishap rate for TACAIR and rotary aircraft 
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5.3 Organisation: results 
A total of 68.9% of the 238 mishaps were determined to have involved at least one CRM 
failure (62.9% for TACAIR, and 77.6% for rotary wing). Figure 3 outlines the overall 
and CRM mishap rates for the TACAIR and rotary wing communities. 
The hypothesis of homogeneity was not rejected for the overall, or CRM-related, 
mishap rates for either aviation community. The p-values from the simulation for 
TACAIR were 0.63 for the overall mishap rate and 0.22 for the CRM-related mishap rate. 
For rotary-wing aircraft, the p-values were 0.11 for the overall mishap rate, and 0.09 for 
the CRM-related one. 
5.4 Organisation: discussion 
A significant difference in the overall, or CRM related, mishap rate was not found across 
the 11 years that were examined. Therefore, the hypothesis of homogeneity was not 
rejected. Another finding is that the overall CRM related mishap rate of 68.9% is higher 
than the 56.3 % reported by Wiegmann and Shappell (1999) in their examination of naval 
aviation mishaps from 1990 to 1996. Therefore, do we conclude that, despite the belief of 
naval aviators that CRM training is useful, the fact that aviators are knowledgeable of, 
and displayed positive attitudes towards, the concepts addressed in the training that the 
impact of CRM on the mishap rates has actually decreased? 
The main issue is that the mishap rate is clearly affected by many factors other than 
CRM training. To illustrate, even though combat related mishaps are not included in the 
analysis, the wars in Afghanistan and Iraq certainly influenced the type of flight training 
that was being carried out, particularly during the early 2000s. Moreover, there have also 
be changes in the aircraft themselves overtime, with the introduction of advanced next 
generation aircraft, and aviators being retrained to fly these aircraft. 
6 Conclusions 
The lack of a control group and the absence of longitudinal data on the attitudes towards, 
and knowledge of, the concepts addressed in CRM training are limitations of this study. 
A further weakness is the lack of an assessment of behaviour. 
Without an assessment of behaviour it is not possible to ascertain whether the skills 
taught on the CRM programme have transferred to the aircraft. It may be that the training 
is very effective in providing naval aviators with background knowledge on CRM. 
However, unless aviators are provided with clear examples of ‘good’ and ‘poor’ CRM 
skills, and provided the opportunity to practice them, these skills may not be used in the 
aircraft. 
Five studies examining the CRM behaviours of naval aviators have been reported in 
the literature. All of these studies reported an increase in the CRM behaviours of naval 
aviators immediately after CRM training (e.g., Salas et al., 1999). To encourage more 
detailed evaluation of specific CRM behaviours, it is suggested that US naval aviation 
adopt a strategy similar to that of European civil aviation. In Europe, the civil aviation 
regulator provided an exemplar behavioural marker system called NOTECHS  
(NOn-TECHnical Skills) to guide operators on the CRM behaviours that should be 
assessed, and provides guidance for how to do so. NOTECHS has been shown to have 
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good levels of acceptance, reliability and validity [see Flin et al. (2008), for more details]. 
Operators are not mandated to use NOTECHS, rather it can be adapted for the needs of a 
particular company. Providing naval aviation communities with a framework for 
evaluating behaviour would allow an assessment to be made as to whether aviators are 
using CRM skills effectively and, more importantly, give them a mechanism for de-
briefing aviators on their CRM behaviours. 
Despite the limitations, the evaluations reported in this paper allow a number of 
conclusions to be made about the effectiveness of a mature CRM training programme – 
something that has rarely been reported in the literature. The studies showed that naval 
aviators believe that CRM training has a positive effect on safety and performance, 
something that TACAIR aviators (particularly senior officers) did not agree with as 
strongly in the early 2000s as compared to the late 2000s. Naval aviators who fly 
different aircraft and of different ranks were generally knowledgeable of, and display 
positive attitudes towards, the concepts addressed in CRM training. These findings are 
important given that there is evidence to suggest that in the 1990s fighter pilots (at least 
in the US Air Force, Karp et al., 1999), and a proportion of commercial pilots were 
resistant to the concepts addressed in CRM training (Helmreich and Wilhelm, 1991; 
Irwin, 1991) . Finally, the lack of a significant effect of CRM on the mishap rate is also 
noteworthy. The mishap rate tends to be where senior leadership are most focused in 
looking for evidence of the effectiveness of safety programmes. This focus has 
implications for the money and resources provided to safety programmes. However, the 
final study in this paper shows that, even with considerable resources, it may not be 
possible to show a significant effect of a safety programme such as CRM on the mishap 
rate. 
As the next generation of highly automated aircraft becomes part of naval aviation, 
there is a need to ensure that CRM training evolves to meet the challenges of flying these 
new machines. It is only through the evaluation of reactions, knowledge, attitudes, 
behaviours, and mishap rates that a complete understanding of the usefulness of CRM 
training can be achieved. The availability of this information will allow senior leadership 
to make informed decisions to ensure that naval aviators receive effective CRM training. 
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